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(54) Semiconductor power module 

(57) It is an object to compatibly realize the excel- 
lent heat radiating characteristic and the manufacturing 
cost reduction. A blanked lead frame (3) serves both as 
an interconnection pattern for a control circuit (8) and a 
power circuit (9) and as external terminals (15, 17). 
Highly heat conducting resin (2) having an electric insu- 
lating property is put between the lead frame (3) and the 
heat sink (1) arranged to face each other to maintain 
good thermal conductivity therebetween. The heat sink 
(1) and the lead frame (3) are coupled easily and fixedly 



by performing a simple process of sealing with the 
highly heat conducting resin (2), Accordingly, it does not 
require expensive circuit boards, which have been nec- 
essary in conventional devices, nor the process of pat- 
terning the interconnection pattern and the process of 
connecting the external terminals to the interconnection 
pattern when manufacturing the device. That is to say, 
the manufacturing cost is reduced without deteriorating 
the heat radiating characteristic. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention s 

The present invention relates to semiconductor 
power modules, and particularly to an improvement for 
compatibly realizing high heat radiation characteristic 
and manufacturing cost reduction. 10 

Description of the Background Art 

A semiconductor power module is a semiconductor 
device including a power circuit having a power semi- 15 
conductor element for modulation-controlling a flow of 
the main current (the load current) as in the case of 
turning on and off (switching) the main current charged 
with supply of electric power to a load and a control cir- 
cuit for controlling the operation of the power semicon- 20 
ductor element incorporated in a single device. The 
control circuit usually includes a driving circuit for driving 
the power semiconductor element and a protection cir- 
cuit for protecting the element from damage when an 
abnormality occurs. This semiconductor power module 25 
is increasingly utilized for an invertor for controlling 
operation of a motor etc, or an uninterruptible power 
supply, for example. 

The power circuit adopts a heat radiation structure 
because a large amount of heat is produced from the 30 
power semiconductor element in which the main current 
flows. On the other hand, the control circuit is a weak- 
current circuit in which only a weak current flows, so that 
the control circuit itself does not require a heat radiation 
structure. This way, while the semiconductor power 35 
module includes two circuits which require different 
structures in terms of the thermal characteristics pro- 
vided in a single device, it is required to be sized as 
small as possible. 

Fig. 18 is a front sectional view of a conventional 40 
semiconductor power module disclosed in Japanese 
Patent Laying-Open No.5-1 29515. In this conventional 
device, a heat-resistant epoxy insulating layer 52 is 
formed on an aluminum base plate 51 , on which a metal 
foil 53 patterned into a certain form is provided. These 45 
members 51-53 form an insulating wiring board 70. 

The power semiconductor element 55 is affixed 
with solder 54 in a certain position on the metal foil 53. 
Other parts of the metal foil 53 and the power semicon- 
ductor element 55 are electrically connected by the alu- so 
minum bonding wire 56. On the metal foil 53, a control 
circuit board 71 is fixed to occupy a certain area on the 
insulating wiring board 70. 

The control circuit board 71 has an electrically insu- 
lating control circuit board body 59 formed of glass 55 
epoxy (an epoxy resin reinforced with glass fiber). The 
control circuit board body 59 has a shield layer 58 made 
of a copper foil formed on its lower surface, i.e., on the 
surface facing to the insulating wiring board 70 and an 



interconnection 60 made of a patterned copper foil 
formed on its other surface, i.e., on its upper surface. 
The control circuit board body 59 also has a through 
hole 61 for electrically connecting the shield layer 58 
and the interconnection 60. 

An epoxy adhesive agent 57 is applied between the 
shield layer 58 of the control circuit board 71 and the 
metal foil 53 of the insulating wiring board 70. This 
adhesive agent 57 fixes the control circuit board 71 on 
the insulating wiring board 70. On the interconnection 
60, electronic parts 63 such as an integrated circuit ele- 
ment, a resistance element and a capacitance element 
(Fig. 18 shows an integrated circuit element as a repre- 
sentative example) are affixed with solder 62. 

A plurality of terminals 64a (Fig.18 shows one as an 
representative example) made of copper for inputting or 
outputting the main current are fixed with the solder 65a 
on the metal foil 53 of the insulating wiring board 70. 
Furthermore, a plurality of terminals 64b (Fig.18 shows 
one as a representative example) made of copper for 
inputting or outputting signals are affixed by the solder 
65b on the interconnection 60 of the control circuit 
board 71. That is to say, the control circuit board 71 
forms a control circuit with the electronic parts 63 etc. 
and the insulating wiring board 70 forms a power circuit 
with the power semiconductor element 55. the bonding 
wire 56, etc. 

A frame-like case 66 formed of an insulator such as 
a resin is attached to surround the insulating wiring 
board 70. The insulating wiring board 70 engages with 
the bottom of the case 66 and they are coupled to each 
other with the adhesive agent 67. That is to say, the 
case 66 and the insulating wiring board 70 are arranged 
as if they formed a side and a bottom of a box opening 
on its top. The inside of this box, i.e., the internal portion 
surrounded by the insulating wiring board 70 and the 
case 66 is filled with sealing resin 68 for the purpose of 
protecting the power semiconductor element 55 and the 
like. 

In this semiconductor power module constructed as 
described above, the loss heat produced in the power 
semiconductor element 55 is well transmitted to the alu- 
minum base plate 51 and efficiently radiated to an exter- 
nal radiation plate attached to the aluminum base plate 
51. The solder 54, the metal foil 53 and the insulating 
layer 52 interposed between the power semiconductor 
element 55 and the aluminum base plate 51 all having 
high thermal conductivity and formed sufficiently thin do 
not interfere with the conduction of the loss heat from 
the power semiconductor element 55 to the aluminum 
base plate 51. 

This semiconductor power module is assembled in 
the following procedure. First, the insulating layer 52 is 
formed on the aluminum base plate 51 and the metal foil 
53 is further formed on it. Then, the metal foil 53 is 
selectively etched for patterning. This forms the insulat- 
ing wiring board 70. About that time, the metal foil on 
one main surface of a substrate, which has been 
obtained on the market in advance, is patterned into the 
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form of the interconnection 60 to form the control circuit 
board 71 . 

Next, the shield layer 58 and the metal foil 53 are 
bonded with the adhesive agent 57 to fix the control cir- 
cuit board 71 on the insulating wiring board 70. Next, s 
the power semiconductor element 55 is soldered in a 
certain position on the metal foil 53 with the solder 54. 
Subsequently, the electronic parts 63 etc. are soldered 
in certain positions on the interconnection 60 with the 
solder 62 to form the control circuit. Next, the power 10 
semiconductor element 55 and the metal foil 53, etc. are 
wire-bonded with the aluminum wire 56 to form the 
power circuit. 

Subsequently, the terminals 64a and 64b are sol- 
dered using the solder 65a, 65b in certain positions on is 
the interconnection 60 and the metal foil 53. Then, the 
case 66 is affixed with the adhesive agent 67 to the 
insulating wiring board 70 and finally the inside sur- 
rounded by the case 66 and the insulating wiring board 
70 is sealed in with the sealing resin 68 and then the 20 
device is completed. 

The conventional device structured and manufac- 
tured as described above has such problems as shown 
below. First, since it uses expensive two kinds of circuit 
boards, i.e., the insulating wiring board 70 and the con- 25 
trol circuit board 71 , it has a problem of the high manu- 
facturing cost Furthermore, the manufacturing process 
of the device requires the process of patterning the 
metal foil 53 and the interconnection 60, and in addition, 
the process of preparing the terminals 64a, 64b as inde- 30 
pendent parts and the process of attaching them to the 
boards 70, 71 by soldering. That is to say, the manufac- 
turing process of the device is complicated, which is 
also a factor of the high manufacturing cost. 

35 

SUMMARY OF THE INVENTION 

A first aspect of the present invention is related to a 
semiconductor power module incorporating both cir- 
cuits of a power circuit having a power semiconductor 40 
element and a control circuit for controlling the power 
semiconductor element. According to the present inven- 
tion, the semiconductor power module includes: a lead 
frame with good electric conductivity and shaped like a 
sheet having one main surface and the other main sur- as 
face, which forms an interconnection pattern having 
portions each belonging to each of both the circuits 
respectively and external terminals for making electric 
connection between each of both the circuits respec- 
tively and the outside, and on which one main surface so 
circuit elements each belonging to each of both the cir- 
cuits respectively are affixed; a heat sink with good ther- 
mal conductivity provided so that its main surface faces 
at least a portion belonging to the power circuit in the 
other main surface of the lead frame; and a sealing 55 
resin with an electric insulating property and good ther- 
mal conductivity for filling a gap between the lead frame 
and the heat sink to electrically insulate them from each 
other and fixedly couple them. 



Preferably, according to a semiconductor power 
module of a second aspect of the present invention, the 
lead frame is flat over both of the circuits. 

Preferably, according to a semiconductor power 
module of a third aspect of the present invention, with 
the portion belonging to the power circuit in the other 
main surface of the lead frame being regarded as a first 
portion, the heat sink is arranged so that the main sur- 
face of the heat sink also faces a second portion 
belonging to the control circuit in the other main surface 
of the lead frame. 

Preferably, according to a semiconductor power 
module of a fourth aspect of the present invention, the 
lead frame bends to form a difference in level between 
the first portion so that the second portion and the sec- 
ond portion is more distant from the heat sink as com- 
pared with the first portion. 

Preferably, according to a semiconductor power 
module of a fifth aspect of the present invention, the 
lead frame bends at an obtuse angle. 

Preferably, according to a semiconductor power 
module of a sixth aspect of the present invention, the 
main surface of the heat sink bends to form a difference 
in level between a third portion facing the first portion 
and a fourth portion facing the second portion, with the 
fourth portion being more distant from the lead frame as 
compared with the third portion. 

Preferably, according to a semiconductor power 
module of a seventh aspect of the present invention, the 
lead frame is flat over both of the circuits, and the main 
surface of the heat sink bends to form a difference in 
level between a third portion facing the first portion and 
a fourth portion facing the second portion with the fourth 
portion being more distant from the lead frame as com- 
pared with the third portion. 

Preferably, according to a semiconductor power 
module of an eighth aspect of the present invention, the 
main surface of the heat sink bends at an obtuse angle. 

Preferably, according to a semiconductor power 
module of a ninth aspect of the present invention, the 
second portion is divided into two portions and the 
power circuit and the control circuit are arranged so that 
the first portion is interposed between the two portions. 

Preferably, according to a semiconductor power 
module of a tenth aspect of the present invention, the 
second portion is divided into two portions and the 
power circuit and the control circuit are arranged so that 
the first portion is interposed between the two portions, 
and the external terminals protrudes from the two por- 
tions in a direction opposite to the first portion. 

Preferably, according to a semiconductor power 
module of an eleventh aspect of the present invention, 
the heat sink is provided only in a region facing the por- 
tion belonging to the power circuit in the other main sur- 
face of the lead frame. 

Preferably, according to a semiconductor power 
module of a twelfth aspect of the present invention, a 
side of the heat sink opposite to the main surface is like 
a fin. 
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According to the device of the first aspect, the lead 
frame serves both as an interconnection wiring pattern 
and an external terminal. Accordingly, the processes 
required when manufacturing a conventional device, 
i.e., the process of patterning a metal foil on a circuit 
board to form an interconnection pattern, the process of 
separately preparing external terminals, and the proc- 
ess of affixing the external terminals to the interconnec- 
tion pattern are replaced by the simple process of 
blanking the lead frame in the device of the invention. 

Furthermore, in this device, the sealing resin filling 
the gap between the lead frame and the heat sink elec- 
trically insulates them. A simple sealing process ena- 
bles the filling with the sealing resin. Hence, the device 
can be manufactured without using expensive circuit 
boards in simple processes. 

Furthermore, the heat sink is provided facing a part 
of the lead frame which belongs at least to the power 
circuit and the electric insulating sealing resin inter- 
posed therebetween has good thermal conductivity. 
Accordingly, the loss heat generated in the power circuit 
is efficiently transmitted to the heat sink without deterio- 
ration as compared with the conventional device having 
circuit boards. That is to say, this device compatibly real- 
izes the good heat radiating characteristic and reduction 
of manufacturing cost. 

According to the device of the second aspect, the 
lead frame is flat over both of the power circuit and the 
control circuit. Accordingly, when manufacturing the 
device, the process of affixing the circuit elements 
including the power semiconductor element forming the 
power circuit and the circuit elements forming the con- 
trol circuit on the lead frame can be achieved smoothly. 
Also, the process of wire-bonding these elements and 
the lead frame is achieved easily. That is to say, this 
device further reduces the manufacturing cost. 

According to the device of the third aspect, the heat 
sink provided so as to face also to the portion belonging 
to the control circuit of the lead frame allows the loss 
heat generated in the power circuit to be further effi- 
ciently radiated to the outside through the heat sink 

According to the device of the fourth aspect the 
lead frame has a difference in level so that it is close to 
the heat sink in the portion belonging to the power cir- 
cuit and distant in the portion belonging to the control 
circuit. This suppresses invasion of electric noise into 
the control circuit through the heat sink without deterio- 
rating the heat radiating characteristic of loss heat gen- 
erated in the power circuit That is to say, the noise 
resistance of the control circuit is improved. Further- 
more, as the sealing resin for filling the gap between the 
lead frame 

and the heat sink is thicker in part, the fluidity of the 
resin is enhanced in the process of sealing with the 
resin. Accordingly, since voids are not apt to form in the 
sealing resin, a desired breakdown voltage between the 
lead frame and the heat sink is stably obtained. 

According to the device of the fifth aspect, the lead 
frame bending at an obtuse angle does not interfere 



with the flow of the sealing resin in the bending portion. 
That is to say, the fluidity of the sealing resin is further 
enhanced. This more stably provides a high breakdown 
voltage between the lead frame and the heat sink. 

5 According to the device of the sixth aspect, a differ- 
ence in level is provided both in the lead frame and the 
main surface of the heat sink so that the part of the lead 
frame belonging to the power circuit is close to the heat 
sink and the part belonging to the control circuit is dis- 

10 tant therefrom. Hence, under the condition that the 
noise resistance of the control circuit is constant, the 
height of the device can be reduced. Or, under the con- 
dition that the height of the device is constant, the noise 
resistance of the control circuit can be further 

15 enhanced. 

According to the device of the seventh aspect, a dif- 
ference in level is provided on the main surface of the 
heat sink so that the part of the lead frame belonging to 
the power circuit is close to the heat sink and the part 

20 belonging to the control circuit is distant therefrom. This 
suppresses invasion of electric noise into the control cir- 
cuit through the heat sink without deteriorating the radi- 
ating characteristic of loss heat generated in the power 
circuit. That is to say, the noise resistance of the control 

25 circuit is improved. 

Also, since the sealing resin filling the gap between 
the lead frame and the heat sink is thicker in part the 
fluidity of the resin is enhanced in the process of sealing 
with the resin. Accordingly, voids are not apt to form in 

30 the sealing resin and a desired breakdown voltage is 
stably obtained between the lead frame and the heat 
sink. 

Furthermore, since the lead frame is flat, affixing 
the circuit elements and wire-bonding can be performed 

35 easily when manufacturing the device. 

According to the device of the eighth aspect, since 
the main surface of the heat sink bends at an obtuse 
angle, the bending portion does not intercept the flow of 
the sealing resin. That is to say, the fluidity of the sealing 

40 resin is further enhanced. This further stably provides a 
high breakdown voltage between the lead frame and the 
heat sink. 

According to the device of the ninth aspect, the con- 
trol circuit is divided into two parts and the power circuit 

45 and the control circuit are arranged so that the power 
circuit is interposed between these two parts. Accord- 
ingly, the portion of the lead frame belonging to the 
power circuit faces the center of the heat sink. This 
allows the loss heat generated in the power circuit to be 

so radiated to the outside more efficiently through the heat 
sink. 

According to the device of the tenth aspect, the 
control circuit is divided into two parts and the power cir- 
cuit and the control circuit are arranged so that the 
55 power circuit is interposed between these two parts. 
This allows the loss heat generated in the power circuit 
to be radiated to the outside more efficiently through the 
heat sink. 

Furthermore, as the portions corresponding to the 
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external terminals of the lead frame protrude from the 
two parts in the direction opposite to the power circuit, 
the external terminals and the heat sink are separated 
by the relatively thick part of the sealing resin. That is to 
say, as the creeping distance between the external ter- 5 
minal and the heat sink is long, the breakdown voltage 
between the lead frame and the heat sink is further 
enhanced. 

According to the device of the eleventh aspect, the 
heat sink is provided only in the region facing the portion 10 
belonging to the power circuit in the lead frame. That is 
to say a region with a relatively low degree of contribu- 
tion to radiation of loss heat in the heat sink is removed. 
This compatibly provides excellent heat radiating char- 
acteristic and further reduction of manufacturing cost. 15 
Furthermore, as the heat sink does not exist in the 
region facing the portion of the lead frame belonging to 
the control circuit, noise resistance of the control circuit 
is further improved. 

According to the device of the twelfth aspect, the 20 
heat sink having a portion like a fin on the side opposite 
to the main surface facing to the lead frame removes the 
need of mounting the heat sink on an external radiation 
fin. That is to say, procedure in use is simplified. Fur- 
thermore, the contact thermal resistance produced 25 
between the heat sink and the radiation fin is solved to 
provide excellent heat radiating characteristic. 

The present invention has been made to solve the 
problems described above in the conventional device, 
and it is an object of the present invention to provide a 30 
semiconductor power module with easy manufacturing 
and reducible manufacturing cost without deteriorating 
the radiation efficiency of the power circuit. 

These and other objects, features, aspects and 
advantages of the present invention will become more 35 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 40 

Fig.1 is a partially cut perspective view of a device 
of a first preferred embodiment. 

Fig.2 is a front sectional view of the device of Fig.1 . 

Rg.3 is a circuit diagram of the device of Fig.1 . 45 

Fig.4 is a plan view of the lead frame of the device 
of Fig.1. 

Fig.5 is a process diagram showing one process for 
manufacturing the device of Fig.1. 

Fig.6 is a front sectional view of a device of a sec- so 
ond preferred embodiment 

Fig.7 is a process diagram showing one process for 
manufacturing the device of Fig.6. 

Fig.8 is a front sectional view of a device of a third 
preferred embodiment. 55 

Fig. 9 is a front sectional view of a device of a fourth 
preferred embodiment. 

Fig. 10 is a front sectional view of a device of a fifth 
preferred embodiment. 



Fig.1 1 is a perspective view of the heat sink of the 
device of Fig. 10. 

Fig. 12 is a front sectional view of a device of a sixth 
preferred embodiment 

Fig. 13 is a front sectional view of a device of a sev- 
enth preferred embodiment. 

Fig. 14 is a front sectional view of a device of an 
eighth preferred embodiment. 

Fig.1 5 is a front sectional view of a device of a ninth 
preferred embodiment 

Fig. 16 is a front sectional view of an example of a 
device of a tenth preferred embodiment. 

Fig.1 7 is a front sectional view of another example 
of the device of the tenth preferred embodiment. 

Fig. 18 is a front sectional view of a conventional 
device. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

<1. First Preferred Embodiment) 

First, a semiconductor power module according to 
a first preferred embodiment will be described. 

(1-1. Device Structure) 

Fig.1 and Fig.2 are a partially cut perspective view 
and a front sectional view showing the structure of the 
semiconductor power module of the first preferred 
embodiment, respectively. This module 101 includes a 
power circuit 9 and a control circuit 8 for controlling the 
operation of the power circuit 9. 

The circuit diagram of Rg.3 shows the circuit con- 
figuration of the module 101. The power circuit 9 
includes an IGBT element 4a as a power switching ele- 
ment and a free wheel diode 4b. The IGBT element 4a 
conducts and cuts off the main current flowing from the 
collector electrode C to the emitter electrode E in 
response to the gate voltage signal inputted to the gate 
electrode G. This main current is supplied to an external 
load through the external terminal 17 connected to the 
collector electrode C and the emitter electrode E. The 
free wheel diode 4b connected to the IGBT element 4a 
in the inverse-parallel connection serves to prevent 
application of excessive reverse current to the IGBT ele- 
ment 4a. 

The control circuit 8 connected to the power circuit 
9 through a plurality of interconnections 16 includes an 
integrated circuit element 5a, a resistance element 5b, a 
capacitance element 5c, etc. These elements form a 
driving circuit and a protection circuit The driving circuit 
is a circuit portion in the control circuit for transmitting 
the gate voltage signal to the gate electrode G in 
response to the control signal inputted to one of the plu- 
rality of external terminals 15. The protection circuit is a 
circuit portion for monitoring the operational environ- 
ment of the IGBT element 4a to prevent damage to the 
IGBT element 4a when an abnormality occurs. 



10 



5 



9 



EP0 774 782 A2 



10 



The protection circuit monitors the voltage between 
the collector electrode C and the emitter electrode E, 
i.e., the collector-emitter voltage and, when the voltage 
becomes too large above a certain reference value, it 
drives the gate electrode G to cut off the IQBT element 
4a irrespective of the external control signal. The pro- 
tection circuit also monitors the weak current flowing in 
the sense electrode S in proportion to the main current 
flowing in the IGBT element 4a, i.e., the sense current, 
and when the main current becomes too large above a 
certain reference value, it drives the gate electrode G to 
cut off the IGBT element 4a irrespective of the external 
control signal. 

Furthermore, when an excessive voltage or an 
excessive current occurs, the protection circuit trans- 
mits a signal indicating the occurrence of an abnormal- 
ity to the outside through the external terminals 1 5. This 
way, the protection circuit serves to protect the IGBT 
element 4a from damage caused by an abnormality 
such as an excessive voltage and an excessive current. 
Although the preferred example in which the control cir- 
cuit 8 includes a driving circuit and a protection circuit 
has been described above, the control circuit 8 may 
generally include only a driving circuit 

Referring to Fig.1 and Fig.2 again, various ele- 
ments included in the control circuit 8 and the power cir- 
cuit 9 are soldered in a plurality of portions on the lead 
frame 3 formed of metal with good electric conductivity, 
such as copper. Fig.1 and Fig.2 shows the IGBT ele- 
ment 4a, the integrated circuit element 5a and the 
resistance element 5b as representatives of these ele- 
ments. These elements are preferably formed as bare 
chip elements (circuit elements formed of naked chips 
which are not molded with resin etc.) as shown in Fig.1 
and Fig.2. 

The respective elements in the power circuit 9 and 
other portions of the lead frame 3 are electrically con- 
nected by the aluminum bonding wires 6a. Similarly, the 
respective elements in the control circuit 8 and still other 
portions of the lead frame 3 are electrically connected 
by the gold bonding wires 6b. 

The lead frame 3 forms the interconnection wiring 
pattern of the control circuit 8 and the power circuit 9 
including the interconnection 16 and also forms the 
external terminals 15 and the external terminals 17. 
That is to say, the lead frame 3 combines the metal foil 
3, the interconnection 60 and the terminals 64a, 64b in 
the conventional device shown in Fig.18. The periphery 
of the lead frame 3 prepared in the manufacturing proc- 
ess has a tie bar 21 shown by the broken line in Fig.1, 
which integrally couples the entirety. After sealing with 
the highly heat conducting resin 2 and the insulating 
resin 7 described later is completed, the tie bar 21 is cut 
off to release the coupling, and then the lead frame 3 is 
separated into a plurality of independent portions. 

The lead frame 3 is provided on the top surface of 
the highly heat conducting resin 2 and a sheet-like heat 
sink 1 formed of metal with good thermal conductivity 
such as copper is provided right under it, opposing in 



parallel to the lead frame 3 with the highly heat conduct- 
ing resin 2 interposed therebetween. The highly heat 
conducting resin 2 is composed of a kind of composite 
material composed of epoxy resin with fillers mixed 

5 therein, as of alumina or aluminum nitride with precisely 
adjusted particle size, for example. This material has 
the excellent electric insulating property and also has 
thermal conductivity still higher than that of the known 
material composed of epoxy resin and fillers of silica 

10 mixed therein. 

The highly heat conducting resin 2 fixedly couples 
the lead frame 3 and the heat sink 1. The highly heat 
conducting resin 2 electrically insulates the lead frame 3 
and the heat sink 1 from each other and well conducts 

is the loss heat produced in the IGBT element 4a from the 
lead frame 3 to the heat sink 1. The thickness of the 
highly heat conducting resin 2 interposed between the 
lead frame 3 and the heat sink 1 is limited to such a 
thickness as will not interfere with the good thermal con- 

20 duction from the lead frame 3 to the heat sink 1 . 

In ordinary use, the heat sink 1 is provided with a 
radiation member, such as a cooling fin. The loss heat 
transmitted to the heat sink 1 is radiated to the radiation 
member. 

25 The top surface of the highly heat conducting resin 
2 is covered with an insulating resin 7 composed of a 
resin with excellent electrically insulating property and 
heat resistance, such as the epoxy resin, for example. 
The insulating resin 7 seals the elements included in the 

30 control circuit 8 and the power circuit 9, the bonding 
wires 6a, 6b and the lead frame 3 except the projecting 
portions corresponding to the external terminals 1 5 and 
the external terminals 17 of the lead frame 3. This pro- 
tects the parts from external moisture eta 

35 

(1-2. Manufacturing Method of Device) 

This module 101 is manufactured by the following 
method. First, the lead frame 3 shown in the plan view 

40 of Fig.4 is prepared. The lead frame 3 is easily obtained 
by blanking a metal sheet with good electric conductivity 
such as copper into a certain pattern configuration. The 
lead frame 3 prepared in this process has the tie bar 21 
for integrally coupling the entirety. Accordingly, the lead 

45 frame 3 can be handled as a member integrally coupled 
through all the processes until the tie bar 21 is cut off in 
the final process. 

Next, as shown in Fig.1 , elements are affixed on the 
lead frame 3 and then wire-bonding with the bonding 

so wires 6a, 6b is applied thereto. Subsequently, it is 
sealed with the insulating resin 7 using a mold. 

Then, in the manner shown in the front section of 
Fig.5, sealing with the highly heat conducting resin 2 is 
carried out. As shown in Fig.5, an upper mold 34 having 

55 a cavity 35 and a lower mold 31 having a cavity 32 are 
previously prepared for sealing with the highly heat con- 
ducting resin 2. The one cavity 35 is formed into such a 
shape as can easily accommodate the insulating resin 7 
and the other cavity 32 is formed into a shape to be in 



6 



BNSDOCID: <EP 0774782A2 I > 



11 



EP 0 774 782 A2 



12 



close contact with the heat sink 1 and the highly heat 
conducting resin 2. The lower mold 31 has an injection 
path 33 communicating with the cavity 32. 

With the heat sink 1 located in a certain position on 
the bottom of the cavity 32 and the insulating resin 7 
accommodated in the cavity 35, the lower mold 31 and 
the upper mold 34 are closed. Then, the highly heat 
conducting resin 2 in a liquid state is injected through 
the injection path 33 and heated to cure to seal it in with 
the highly heat conducting resin 2. This process fixedly 
couples the heat sink 1 , the highly heat conducting resin 

2 and the lead frame 3 to each other. 

Since the lead frame 3 is coupled with the insulating 
resin 7 in advance, the lead frame 3 is not liable to 
deflection transformation in the process of sealing with 
the highly heat conducting resin 2. Accordingly, a 
desired interval and parallelism between the lead frame 

3 and the heat sink 1 can be obtained easily and pre- 
cisely. 

The insulating resin 7 and the highly heat conduct- 
ing resin 2 cover the center region of the lead frame 3 
shown by the one-dot chain line in Fig.4 after the seal- 
ing is completed. The portion corresponding to the 
external terminals 15 and the external terminals 17 and 
the tie bar 21 are exposed to the outside of the insulat- 
ing resin 7 and the highly heat conducting resin 2. When 
the sealing with the resins has been completed, the lead 
frame 3 is cut along the outlines designated at the refer- 
ence character A in Fig.4 to remove the tie bar 21 . This 
final process separates the plurality of external termi- 
nals 15 and 17 from each other, which have been inte- 
grally coupled, and then the module 101 is completed. 

(1-3. Advantages of Device) 

The module 101 configured and manufactured as 
described above has advantages as follows. First, 
unlike the conventional device, it does not need the 
process of patterning the metal foil 3 and the intercon- 
nection 60, the process of preparing the terminals 64a, 
64b and the process of affixing the terminals 64a, 64b in 
certain positions on the metal foil 3 and the interconnec- 
tion 60. These complicated processes are replaced by 
the simple process of just stamping the lead frame 3. 
That is to say, the module 101 has the advantage of the 
simple manufacturing process. 

Furthermore, the process of sealing with the highly 
heat conducting resin 2 is easy and the interval and par- 
allelism between the lead frame 3 and the heat sink 1 
can be adjusted easily and precisely. Hence, it realizes 
excellent heat radiating characteristic without using the 
expensive two kinds of circuit boards in the conventional 
device, i.e., the insulating wiring board 70 and the con- 
trol circuit board 71 . That is to say, the module 1 01 com- 
patibly realizes excellent heat radiating characteristic 
and manufacturing cost reduction. 

Moreover, unlike the conventional device, the mod- 
ule 101 does not require the case 66, but it achieves 
protection of the inside of the device only by sealing it 



with the insulating resin 7 and the highly heat conduct- 
ing resin 2. This also contributes to the reduction in 
manufacturing cost. 

Furthermore, the lead frame 3 is flat through both 

5 the control circuit 8 and the power circuit 9. That is to 
say, the difference in level between the metal foil 53 of 
the power circuit and the interconnection 60 of the con- 
trol circuit in the conventional device is eliminated in the 
module 101. Hence, the process of affixing the ele- 

10 ments such as the IGBT element 4a, the integrated cir- 
cuit element 5a, etc. on the lead frame 3 can be 
performed smoothly. The process of wire-bonding with 
the bonding wires 6a, 6b can also be achieved 
smoothly. That is to say, this also facilitates the manu- 

is facturing process and reduces the manufacturing cost. 

(2. Second Preferred Embodiment) 

Fig.6 is a front section showing the structure of a 
20 semiconductor power module of a second preferred 
embodiment In the following figures, portions the same 
as or corresponding (having the same functions) to 
those in the device of the first preferred embodiment 
shown in Fig.1 to Fig.5 are allotted with the same refer- 
25 ence characters and detailed description thereof is not 
repeated. 

In this module 102, the lead frame 3 has a . differ- 
ence in level between the region belonging to the con- 
trol circuit 8 and the region belonging to the power 

30 circuit 9. The thickness of the highly heat conducting 
resin 2 interposed between the lead frame 3 and the 
heat sink 1 is small in the region of the power circuit 9 
and large in the region of the control circuit 8. This sup- 
presses the thermal resistance between the portion cor- 

35 responding to the power circuit 9 in the lead frame 3 and 
the heat sink 1 low, which keeps the good thermal con- 
ductivity characteristic therebetween. At the same time, 
this reduces the capacitive coupling between the por- 
tion corresponding to the control circuit 8 which requires 

40 no thermal radiation and the heat sink 1 (electric cou- 
pling through the parasitic capacitance parasitically pro- 
duced in the highly heat conducting resin 2). 

This suppresses the bad influence that the electric 
noise caused by switching operation of the IGBT ele- 

45 ment 4a invades the integrated circuit element 5a 
through the heat sink 1 to cause malfunction of the con- 
trol circuit 8. In addition, this effectively suppresses mal- 
function of the control circuit 8 due to the electric noise 
invading through the external cooling fin (not shown) 

so attached to the heat sink 1. That is to say, the module 
102 can exclude effects of electric noise without deteri- 
orating the heat radiating characteristic to realize stable 
operation of the control circuit 8. 

Furthermore, the difference in level in the lead 

55 frame 3 also serves to facilitate injection of the highly 
heat conducting resin 2 in the sealing process. The front 
section of Fig.7 shows it. As shown in Fig.7, the liquid 
resin injected from the injection path 33 in the process 
of sealing with the highly heat conducting resin 2 pene- 
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trates into the gap between the lead frame 3 and the 
heat sink 1 to fill the gap. At this time, as the interval 
between the lead frame 3 and the heat sink 1 is larger in 
the region of the control circuit 8, fluidity of the injected 
resin is good. 

That is to say, since the region with the small inter- 
val between the lead frame 3 and the heat sink 1 is lim- 
ited to the region of the power circuit 9, the sealing resin 
smoothly flows into the small gap between the lead 
frame 3 and the heat sink 1 in this region. This sup- 
presses production of voids in the highly heat conduct- 
ing resin 2, so that a high breakdown voltage between 
the lead frame 3 and the heat sink 1 is stably realized 
with suppressed variation (deviation) among products. 

(3. Third Preferred Embodiment) 

Fig.8 is a front sectional view showing the structure 
of a semiconductor power module according to a third 
preferred embodiment. In this module 103, similarly to 
the module 102, the lead frame 3 has a difference in 
level between the region belonging to the control circuit 
8 and the region belonging to the power circuit 9. How- 
ever, it is characteristically different from the module 
102 in that the lead frame 3 does not bend at a right 
angle in the bending portion 3a but it bends at a gentle 
angle, i.e., at an obtuse angle grater than 90° to form a 
slope between the different levels. 

Accordingly, the sealing resin is led more smoothly 
from the region of the control circuit 8 with a large inter- 
val to the region of the power circuit 9 with a narrow 
interval in the process of sealing with the highly heat 
conducting resin 2. That is to say, the flow of the sealing 
resin is not intercepted at the bending portion 3a. which 
provides the advantage that the fluidity of the sealing 
resin is further enhanced. This more stably realizes the 
high breakdown voltage between the lead frame 3 and 
the heat sink 1 . 

(4. Fourth Preferred Embodiment) 

Fig.9 is a front sectional view showing the structure 
of a semiconductor power module according to a fourth 
preferred embodiment. In this module 104, similarly to 
the module 103, the lead frame 3 has a difference in 
level between the region belonging to the control circuit 
8 and the region belonging to the power circuit 9, which 
bends at a gentle angle at the bending portion. How- 
ever, it characteristically differs from the module 103 in 
that the power circuit 9 is provided in the center and the 
control circuit 8 is separated on both sides thereof. The 
thickness of the highly heat conducting resin 2 separat- 
ing the lead frame 3 and the heat sink 1 is small in the 
center and large on both sides thereof. 

Hence, a relatively small part of the heat sink 1 is 
distant from the region of the power circuit 9, and the 
entire part of the heat sink 1 is further closer to the 
region of the power circuit 9 as compared with the mod- 
ule 103. Accordingly, the loss heat produced in the 



power circuit 9 is more efficiently radiated to the outside 
through the heat sink 1. That is to say, the module 104 
has the advantage of further improving the heat radiat- 
ing efficiency. 

5 Furthermore, the external terminals 15 and 17 pro- 
truding to the outside from the control circuit 8 disposed 
on both sides of the power circuit 9 and the heat sink 1 
are separated by the relatively thick portion of the highly 
heat conducting resin 2. That is to say, the creeping dis- 

io tance between the external terminals 1 5 and 1 7 and the 
heat sink 1 is long. Accordingly, it has the advantage 
that the breakdown voltage between the lead frame 3 
and the heat sink 1 is further enhanced. 

75 <5. Fifth Preferred Embodiment) 

Fig.10 is a front sectional view showing the struc- 
ture of a semiconductor power module according to a 
fifth preferred embodiment. Fig.11 is a perspective view 

20 of the heat sink 1 belonging to this module 105. As 
shown in Fig. 10 and Fig.1 1 , in the module 105, the lead 
frame 3 is flat but the top surface of the heat sink 1 , i.e., 
the surface facing the lead frame 3 has a difference in 
level to make the thickness of the highly heat conduct- 

25 ing resin 2 differ by steps between the control circuit 8 
and the power circuit 9. 

Since the thickness of the highly heat conducting 
resin 2 is also set smaller in the power circuit 9 and 
larger in the control circuit 8 in the module 105, it com- 

30 patibly realizes the good heat radiating characteristic of 
the power circuit 9 and the noise-resistance characteris- 
tic of the control circuit 8. Furthermore, the top surface 
of the heat sink 1 bending at a gentle angle, i.e., at an 
obtuse angle to form a slope between different levels 

35 provides the advantage that the fluidity of the sealing 
resin is good in the process of sealing with the highly 
heat conducting resin 2. As has been already men- 
tioned, this stably realizes a high breakdown voltage 
between the lead frame 3 and the heat sink 1. 

40 Moreover, as the lead frame 3 has no difference in 
level but is flat over the control circuit 8 and the power 
circuit 9, it has the advantage that various elements 
such as the IGBT element 4a, the integrated circuit ele- 
ment 5a, etc. can easily be affixed on the lead frame 3 

45 and the wire bonding with the bonding wires 6a, 6b can 
also be made easily. That is to say the module 105 of 
this preferred embodiment compatibly realizes the 
advantages of both the first preferred embodiment and 
the third preferred embodiment. 

50 

(6. Sixth Preferred Embodiment) 

Fig. 12 is a front sectional view showing the struc- 
ture of a semiconductor power module according to a 
55 sixth preferred embodiment. In this module 106, both 
the top surface of the heat sink 1 and the lead frame 3 
have a difference in level so that the thickness of the 
highly heat conducting resin 2 differs in steps between 
the control circuit 8 and the power circuit 9. Accordingly, 
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under the condition of the same height of the module, 
the interval between the lead frame 3 and the heat sink 
1 in the control circuit 8 can be made further wider to 
further enhance the noise resistance of the control cir- 
cuit 8. 5 

The thickness of the heat sink 1 has the most suita- 
ble value for effectively radiating the loss heat from the 
power circuit 9, and the heat radiation efficiency is 
decreased if it becomes too thick exceeding a certain 
limit. Accordingly, there is a certain limit in size of the dif- 10 
ference in level formed in the heat sink 1, i.e., in the dif- 
ference in height of the top surface. In the module 106 
in which the lead frame 3 also has a difference in level, 
the difference in thickness of the highly heat conducting 
resin 2 between the power circuit 9 and the control cir- 15 
cuit 8 can be enlarged to such an extent as can not be 
implemented only with the difference in level of the heat 
sink 1 . That is to say, the noise resistance of the control 
circuit 8 can be further improved. 

As shown in Fig. 12, it is preferred that the bending 20 
portion has a gentle angle both in the top surface of the 
heat sink 1 and the lead frame 3 because of the same 
reason as that described in the third and fifth preferred 
embodiments. 

25 

(7. Seventh Preferred Embodiment) 

Fig. 13 is a front sectional view showing the struc- 
ture of a semiconductor power module according to a 
seventh preferred embodiment. Similarly to the fourth 30 
preferred embodiment, the power circuit 9 is provided in 
the center in this module 107, and the control circuit 8 is 
disposed being divided on both sides thereof. At the 
same time, in the same way as the fifth preferred 
embodiment, the lead frame 3 is flat and the top surface 35 
of the heat sink 1 , i.e., the surface facing the lead frame 
3 has a difference in level so that the thickness of the 
highly heat conducting rein 2 differs by steps between 
the control circuit 8 and the power circuit 9. 

Accordingly, the module 107 simultaneously real- 40 
izes the advantages both of the fourth and fifth preferred 
embodiments. That is to say, the power circuit 9 dis- 
posed in the center provides the advantage that the 
radiation efficiency of the loss heat produced in the 
power circuit 9 is high. Furthermore, as the creepage 45 
distance between the external terminals 15 and 17 and 
the heat sink 1 is long, the breakdown voltage between 
the lead frame 3 and the heat sink 1 is further 
enhanced. Moreover, since the lead frame 3 has no dif- 
ference in level and is flat over both the control circuit 8 so 
and the power circuit 9, affixing the elements such as 
the IGBT element 4a, the integrated circuit element 5a, 
etc. on the lead frame 3 and wire bonding with the bond- 
ing wires 6a, 6b can be performed easily. 

55 

<8. Eighth Preferred Embodiment) 

Fig. 14 is a front sectional view showing the struc- 
ture of a semiconductor power module according to an 



eighth preferred embodiment Similarly to the fourth 
preferred embodiment, the power circuit 9 is provided in 
the center and the control circuit 8 is divided on both 
sides thereof in this module 108. At the same time, sim- 
ilarly to the sixth preferred embodiment, the difference 
in level is provided both in the top surface of the heat 
sink 1 and the lead frame 3 so that the thickness of the 
highly heat conducting resin 2 differs in steps between 
the control circuit 8 and the power circuit 9. 

Hence, the module 108 simultaneously realizes the 
advantages both of the fourth and sixth preferred 
embodiments. That is to say, since the power circuit 9 is 
provided in the center, it has the advantage of having 
high radiation efficiency of the loss heat produced in the 
power circuit 9. Also, as the creepage distance between 
the external terminals 15 and 17 and the heat sink 1 is 
long, the breakdown voltage between the lead frame 3 
and the heat sink 1 is further enhanced. Furthermore, 
since the difference in level is provided both in the top 
surface of the heat sink 1 and the lead frame 3, if the 
height of the module is the same, the interval between 
the lead frame 3 and the heat sink 1 in the control circuit 
8 is further enlarged to further enhance the noise resist- 
ance of the control circuit 8. 

(9. Ninth Preferred Embodiment) 

Fig. 15 is a front sectional view showing the struc- 
ture of a semiconductor power module according to a 
ninth preferred embodiment. This module -1 09 is char- 
acteristically different from the module 101 of the first 
preferred embodiment in that the heat sink 1 is provided 
only in the region occupied by the power circuit 9. That 
is to say, in the module 109, part of the heat sink 1 which 
has a relatively low degree of contribution to radiation of 
the loss heat is removed to reduce the manufacturing 
cost. 

At the same time, the absence of the heat sink 1 in 
the portion occupied by the control circuit 8 suppresses 
bad influence of the electric noise on the control circuit 
8. That is to say, the module 109 removes the effects of 
the electric noise to realize stable operation of the con- 
trol circuit 8 without deteriorating the heat radiating 
characteristic so much and it also realizes further reduc- 
tion of the manufacturing cost. 

(10. Tenth Preferred Embodiment) 

Fig. 16 is a front sectional view showing the struc- 
ture of a semiconductor power module according to a 
tenth preferred embodiment. This module 110 is char- 
acteristically different from the module 109 of the ninth 
preferred embodiment in that the heat sink 1 is formed 
integral with a radiation fin. 

In ordinary use of the module, the heat sink 1 is 
fixed to an external radiation fin. This module 110 in 
which the heat sink 1 serves also as a radiation fin does 
not require the process of attaching the heat sink 1 to 
the radiation fin in use. That is to say, it has the advan- 
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tage of simplifying the necessary process in use. Fur- 
thermore, the contact thermal resistance generated 
between the heat sink 1 and the radiation fin in ordinary 
use is solved in the module 110, which provides the 
advantage of having further excellent thermal radiating 5 
characteristic. 

Although Fig. 16 shows the example in which the 
heat sink 1 is provided only in the region occupied by 
the power circuit 9, the heat sink 1 integrally coupled 
with a radiation fin may be provided over both the con- 10 
trol circuit 8 and the power circuit 9 as shown in the front 
sectional view of Fig. 17, for example. The module 111 
shown in Fig. 17 is an example of a device in which the 
heat sink 1 of the module 104 of the fourth preferred 
embodiment is united with the radiation fin. Similarly to is 
the module 110, this module 111 also simplifies the 
process in use and further enhances the thermal radiat- 
ing characteristic as the contact thermal resistance is 
solved. 

While the invention has been described in detail, 20 
the foregoing description is in all aspects illustrative and 
not restrictive. It is understood that numerous other 
modifications and variations can be devised without 
departing from the scope of the invention. 

25 

Claims 

1. A semiconductor power module incorporating both 
circuits of a power circuit having a power semicon- 
ductor element and a control circuit for controlling 30 
the power semiconductor element, comprising: 

a lead frame with good electric conductivity and 
shaped like a sheet having one main surface 
and the other main surface, which forms an 35 
interconnection pattern having portions each 
belonging to each of said both circuits respec- 
tively and external terminals for making electric 
connection between each of said both circuits 
and the outside, and is provided with circuit ele- 40 
ments each belonging to each of said both cir- 
cuits respectively affixed on said one main 
surface; 

a heat sink with good thermal conductivity pro- 
vided so that its main surface faces at least a as 
portion belonging to said power circuit in said 
other main surface of said lead frame; and 
a sealing resin with an electric insulating prop- 
erty and good thermal conductivity for filling a 
gap between said lead frame and said heat so 
sink to electrically insulate them from each 
other and fixedly couple them. 

2. The semiconductor power module according to 
claim 1 , wherein said lead frame is flat over said ss 
both circuits. 

3. The semiconductor power module according to 
claim 1, wherein with said portion belonging to said 



power circuit in said other main surface of said lead 
frame being regarded as a first portion, 

said heat sink is arranged so that said main 
surface of said heat sink also faces a second por- 
tion belonging to said control circuit in said other 
main surface of said lead frame. 

4. The semiconductor power module according to 
claim 3, wherein said lead frame bends to form a 
difference in level between said first portion and 
said second portion so that said second portion is 
more distant from said heat sink as compared with 
said first portion. 

5- The semiconductor power module according to 
claim 4, wherein said lead frame bends at an 
obtuse angle. 

6. The semiconductor power module according to 
claim 4, wherein said main surface of said heat sink 
bends to form a difference in level between a third 
portion facing said first portion and a fourth portion 
facing said second portion, with said fourth portion 
being more distant from said lead frame as com- 
pared with said third portion. 

7. The semiconductor power module according to 
claim 3, wherein 

said lead frame is flat over said both circuits, 

and 

said main surface of said heat sink bends to 
form a difference in level between a third portion 
facing said first portion and a fourth portion facing 
said second portion with said fourth portion being 
more distant from said lead frame as compared 
with said third portion. 

8. The semiconductor power module according to 
claim 7, wherein said main surface of said heat sink 
bends at an obtuse angle. 

9. The semiconductor power module according to 
claim 3, wherein said second portion is divided into 
two portions and said power circuit and said control 
circuit are arranged so that said first portion is inter- 
posed between said two portions. 

10. The semiconductor power module according to 
claim 4, wherein 

said second portion is divided into two por- 
tions and said power circuit and said control circuit 
are arranged so that said first portion is interposed 
between said two portions, and 

said external terminals protrudes from said 
two portions in a direction opposite to said first por- 
tion. 

11. The semiconductor power module according to 
claim 1 , wherein said heat sink is provided only in a 
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region facing the portion belonging to said power 
circuit in said other main surface of said lead frame. 

12. The semiconductor power module according to 
claim 1 , wherein a side of said heat sink opposite to s 
said main surface is like a fin. 

13. The semiconductor power module according to 
claim 7, wherein said sealing resin includes an 
epoxy resin with filler of alumina mixed therein. 10 

14. The semiconductor power module according to 
claim 7, wherein said seaJing resin includes an 
epoxy resin with filler of aluminum nitride mixed 
therein. is 

15. The semiconductor power module according to 
claim 14, with said sealing resin being regarded as 
a first sealing resin, further comprising a second 
sealing resin for sealing in said circuit elements 20 
each belonging to each of said both circuits respec- 
tively. 

16. The semiconductor power module according to 
claim 15, wherein said second sealing resin 25 
includes an epoxy resin. 

17. The semiconductor power module according to 
claim 16, wherein said lead frame includes copper. 

30 

18. The semiconductor power module according to 
claim 17, wherein said heat sink includes copper. 

19. The semiconductor power module according to 
claim 18, wherein said power semiconductor ele- 35 
ment is a power switching element for turning on 
and off a main current. 

20. The semiconductor power module according to 
claim 19, wherein said control circuit includes a 40 
driving circuit for driving said power switching ele- 
ment and a protection circuit for protecting said 
power switching element from damage when an 
abnormality occurs. 

45 
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